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(57) ABSTRACT 

Methods and systems are provided for implementing an alter 
nate operational-data transmission scheme for LCIB systems. 
According to an embodiment, an LCIB provides service to at 
least one mobile station on a first wireless network, the pro 
vision of service comprising (i) providing an air interface 
according to a first wireless technology, (ii) providing a back 
haul connection over a packet-data network to a service 
provider network, and (iii) bridging the air interface and the 
backhaul connection. The LCIB collects operational data, 
which the LCIB transmits to a server over a second wireless 
network according to a second wireless technology, where the 
second wireless network is different than the first wireless 
network, and the second wireless technology is different than 
the first wireless technology. 

13 Claims, 4 Drawing Sheets 
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ALTERNATE OPERATIONAL-DATA 
TRANSMISSION SCHEME FOR 

LOW-COST-INTERNET-BASE-STATION-(LCIB) 
SYSTEMS 

BACKGROUND 

1. Technical Field 
The present invention relates to wireless networks, and, 

more particularly, to wireless networks that include one or 
more Low-Cost Internet Base Stations (LCIBs). 

2. Description of Related Art 
a. Cellular Wireless Networks 
Many people use mobile stations, such as cell phones and 

personal digital assistants (PDAs), to communicate with cel 
lular wireless networks. These mobile stations and networks 
typically communicate with each other overa radio frequency 
(RF) air interface according to a wireless protocol Such as 
Code Division Multiple Access (CDMA), perhaps in con 
formance with one or more industry specifications such as 
IS-95 and IS-2000. Wireless networks that operate according 
to these specifications are often referred to as "1 xRTT net 
works’ (or “1x networks” for short), which stands for “Single 
Carrier Radio Transmission Technology.” Another protocol 
that may be used is known as Evolution Data Optimized 
(EV-DO), perhaps in conformance with one or more industry 
specifications such as IS-856, Release 0 and IS-856, Revision 
A. Other protocols may be used as well, such as Global 
System for Mobile Communications (GSM), Time Division 
Multiple Access (TDMA), WiMax, and/or any others. 

These networks typically provide services such as Voice, 
Short Message Service (SMS) messaging, and packet-data 
communication, among others, and typically include a plu 
rality of base stations, each of which provide one or more 
coverage areas, Such as cells and sectors. When a mobile 
station is positioned in one of these coverage areas, it can 
communicate over the air interface with the base station, and 
in turn over one or more circuit-switched and/or packet 
Switched signaling and/or transport networks to which the 
base station provides access. 

The base stations for these networks are typically not asso 
ciated with any subscriber or small group of subscribers in 
particular, rather, they are placed in publicly-accessible loca 
tions and are used by the service provider's customers gen 
erally. These base stations collectively blanket cities, rural 
areas, etc. with coverage; as Such, they are referred to gener 
ally and herein as "macro (or macro-network) base stations' 
and the network they collectively form—or to which they 
collectively belong is referred to generally and herein as the 
macro network. 
Mobile stations and macro base stations conduct commu 

nication sessions (e.g. Voice calls and data sessions) over 
frequencies known as carriers, each of which may actually be 
a pair of frequencies, with the base station transmitting to the 
mobile station on one of the frequencies, and the mobile 
station transmitting to the base station on the other. This is 
known as frequency division duplex (FDD). The base-sta 
tion-to-mobile-station link is known as the forward link, 
while the mobile-station-to-base-station link is known as the 
reverse link. 

Furthermore, using a sector as an example of a coverage 
area, macro base stations may provide service in a given 
sector on one carrier, or on more than one. An instance of a 
particular carrier in a particular sector is referred to herein as 
a sector/carrier. In a typical CDMA system, using a configu 
ration known as radio configuration 3 (RC3), a macro base 
station can, on a given sector/carrier, transmit forward-link 
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2 
data on a maximum of 64 distinct channels at any time, each 
corresponding to a unique 64-bit code known as a Walsh code. 
Of these channels, typically, 61 of them are available as traffic 
channels (for user data), while the other 3 are reserved for 
administrative channels known as the pilot, paging, and sync 
channels. 
When a macro base station instructs a mobile station—that 

is on a given sector/carrier—to use a particular traffic channel 
for a communication session, the macro base station does so 
by instructing the mobile station to tune to one of the 61 traffic 
channels on that sector/carrier. It is over that assigned traffic 
channel that the macrobase station will transmit forward-link 
data to the mobile station during the ensuing communication 
session. And, in addition to that forward-link channel, the 
traffic channel also includes a corresponding Walsh-coded 
reverse-link channel, over which the mobile station transmits 
data to the macro base station. 

b. Low-Cost Internet Base Stations (LCIBs) 
Many macro-network Subscribers, including private con 

Sumers and Small businesses, among others, in addition to 
having wireless service (which may include data service) for 
their mobile station (or mobile stations), also have high-speed 
(a.k.a. “broadband') Internet access through another commu 
nication channel. This other channel may be cable-modem 
service, digital-subscriber-line (DSL) service, satellite-based 
Internet service, and/or some other option. 

In an exemplary arrangement, a user may have a cable 
modem connected (a) via coaxial cable to a cable provider's 
network and (b) via Ethernet cable to a wireless (e.g. IEEE 
802.11 (WiFi)) router. That router may include one or more 
Ethernet ports to which computers or other devices may be 
connected, and may also include wireless-access-point func 
tionality, providing a WiFi packet-data interface to, as 
examples, laptop computers, digital video recorders (DVRs), 
appliances, and/or any other computing devices or their wire 
less network adapters. 
To address gaps in macro-network coverage (e.g. in build 

ings) and for other reasons, macro-network service providers 
have recently begun offering consumers devices referred to 
herein as Low-Cost Internet Base Stations (LCIBs), which 
may also be referred to as femtocells (femto base stations, 
femto base transceiver stations (BTSs)), picocells (pico base 
stations, pico BTSs), microcells (micro base stations, micro 
BTSs), and by other names. Note that the aforementioned 
terms that end in “cell may also be generally and herein used 
interchangeably to refer to the coverage area provided by the 
respective device. Note also that “low-cost is not used herein 
as a limiting term; that is, devices of any cost may be catego 
rized as LCIBs, though most LCIBs typically will be less 
expensive on average than most macro-network base stations. 
A typical LCIB may be approximately the size of a desktop 

phone or WiFi access point, and is essentially a low-power, 
low-capacity version of a macro base station. Thus, a typical 
LCIB will use a normal power outlet, perhaps with a trans 
former providing a DC power supply. The LCIB may have a 
wired (e.g. Ethernet) or wireless (e.g. WiFi) connection with 
the user's router, and would thus have connectivity to the 
Internet and/or one or more other packet-data networks via 
the user's broadband connection. An LCIB may establish a 
virtual-private-network (VPN) connection over the Internet 
with an entity (e.g. a VPN terminator) on the wireless-service 
(macro-network) provider's core network, and thereby be 
able to securely communicate with the VPN terminator and 
other entities on that core network and beyond. 
The LCIB also has a wireless-communication (e.g. 

CDMA) interface that is compatible with the user's mobile 
station(s). Such that the LCIB may act as a micro base station, 



US 8,000,286 B1 
3 

providing coverage on the wireless-service provider's net 
work via the user's Internet connection. Usually, an LCIB 
will provide service on a single RF carrier (or on a single 
carrier per technology, where multiple technologies (i.e. 
CDMA, EV-DO) are supported), and also transmit what is 
known as a pilot beacon, which includes administrative mes 
sages and parameters that mobile stations can use to connect 
with the LCIB. And LCIBs typically include a Global Posi 
tioning System (GPS) receiver for use in receiving and decod 
ing GPS signals, for use in determination of location, as well 
as for use in synchronizing operations with other LCIBS and 
with the macro network, based on timing information embed 
ded in GPS signals. Typically, LCIBs have fairly comprehen 
sive auto-configuration capabilities. Such that they are largely 
“plug-and-play' to the user. 

SUMMARY 

Methods and systems are provided for implementing an 
alternate operational-data transmission scheme for LCIB sys 
tems. In one aspect, an exemplary embodiment of the present 
invention may take the form of a method. In accordance with 
the method, an LCIB provides service to at least one mobile 
station on a first wireless network. Providing service on the 
first wireless network comprises (i) providing an air interface 
according to a first wireless technology, (ii) providing a back 
haul connection over a packet-data network to a service 
provider network, and (iii) bridging the air interface and the 
backhaul connection. The LCIB collects operational data; 
and transmits the operational data to a server over a second 
wireless network according to a second wireless technology, 
where the second wireless network is different than the first 
wireless network, and the second wireless technology is dif 
ferent than the first wireless technology. 

These as well as other aspects and advantages will become 
apparent to those of ordinary skill in the art by reading the 
following detailed description, with reference where appro 
priate to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various exemplary embodiments are described herein with 
reference to the following drawings, wherein like numerals 
denote like entities. 

FIG. 1 is a simplified block diagram of a communication 
system, in accordance with exemplary embodiments; 

FIG. 2 is a simplified block diagram of an LCIB, in accor 
dance with exemplary embodiments; 

FIG. 3 is a flowchart of a method, in accordance with 
exemplary embodiments; and 

FIG. 4 is a flowchart of a method, in accordance with 
exemplary embodiments. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

1. Overview 

LCIBS typically take and store many of the same opera 
tional measurements and records that macro base stations do. 
As examples, LCIBs may take and store measurements and/ 
or records (together, “operational data') pertaining to 
dropped calls, blocked calls, data throughput, access quality, 
Voice quality, auto-configuration parameters and/or results, 
and/or any other types of data. LCIBs are typically arranged 
to periodically (e.g. every thirty minutes) transmit this opera 
tional data, and/or averages, Summaries, reports, etc. thereof, 
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to an entity—such as an LCIB controller—on the provider's 
core packet network via the user's broadband connection. 

This is undesirable for at least the reasons that it (i) uses 
uplink bandwidth that may be needed for other LCIB 
operations, such as carrying calls, and/or other home-network 
or office-network communication—on the broadband con 
nection and (ii) has the potential in the aggregate to overload 
the core network, which handles user-traffic and operational 
data communications for a large number of LCIBS. This may 
cause service degradation, premature network upgrades at 
added expense, a need to disable operational-data collection, 
and/or other problems. 

In accordance with the invention, the LCIB communicates 
with the core network via a wireless network other than the 
one on which the LCIB provides service. For example, the 
LCIB may provide service on a first (e.g. CDMA) wireless 
network, and transmit operational data to an entity (e.g. an 
operational-data server) on the core network or on another 
network via a second (e.g. EV-DO) wireless network. As 
such, the LCIB may have an EV-DO wireless interface (e.g. 
an EV-DO modem), and use that interface to transmit opera 
tional data to the operational-data server via a high-speed 
EV-DO connection. This relieves the burden on the service 
provider's core-network elements, which handle user-traffic 
and other service-related signaling with many LCIBS. In 
accordance with the invention, the LCIB may transmit opera 
tional datavia the second wireless networkata predetermined 
time (e.g. 3:00 a.m.) each day. And the LCIB may require 
acknowledgement from the operational-measurement server. 

In some embodiments, the LCIB estimates the load on the 
second wireless network, and only attempts to transmit opera 
tional data when the second wireless network is lightly 
loaded. Where the second wireless network is an EV-DO 
network, this may involve checking what is known as the 
“reverse activity bit (RAB), which is a value broadcast in a 
coverage area by an EV-DO access node to indicate that the 
load in the coverage area on a particular carrier is above 
(RAB=1) or below (RAB=0) a certain threshold. In general, 
higher data rates can be used, and thus more efficient transfer 
can occur, when the load on a sector/carrier is low. If the 
second wireless network is experiencing high load or is oth 
erwise unavailable, the LCIB may store its operational data 
until the load or unavailability abates; or the LCIB may use its 
broadband connection, perhaps when the second wireless 
network is unavailable for an extended time. In the latter case, 
the LCIB still need not address the transmission to core 
network elements. 

2. Exemplary Architecture 

a. An Exemplary Communication System 

FIG. 1 is a simplified block diagram of a communication 
system, in accordance with exemplary embodiments. It 
should be understood that this and other arrangements 
described herein are set forth only as examples. Those skilled 
in the art will appreciate that other arrangements and ele 
ments (e.g., machines, interfaces, functions, orders, and 
groupings of functions, etc.) can be used instead, and that 
Some elements may be omitted altogether. Further, many of 
the elements described herein are functional entities that may 
be implemented as discrete or distributed components or in 
conjunction with other components, and in any Suitable com 
bination and location. Various functions described herein as 
being performed by one or more entities may be carried out by 
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hardware, firmware, and/or software. Various functions may 
be carried out by a processor executing instructions stored in 
memory. 
As shown in FIG. 1, a communication system 100 includes 

a mobile station (MS) 102, a macro BTS 104, a base station 
controller (BSC) 106, a mobile switching center (MSC) 108, 
a service provider network (SPN) 110, a packet data serving 
node (PDSN) 112, the Internet 114, an LCIB 116, a media 
gateway 118, a VPN terminator (VPN-T) 120, an LCIB con 
troller 122, a public switched telephone network (PSTN) 124, 
an EV-DO network 126, and an operational-data server 128. 
And additional entities could be present, such as additional 
mobile stations in communication with BTS 104, additional 
entities in communication with Internet 114 and/or PSTN 
124, etc. Also, there could be one or more devices and/or 
networks making up at least part of one or more communica 
tion links. For example, there could be one or more routers, 
cable modems, and/or other devices or networks on the link 
between LCIB 116 and Internet 114. 

Mobile station 102 may be any mobile device arranged to 
carry out the mobile-station functions described herein. As 
Such, mobile station 102 may include a user interface, a 
wireless-communication interface, a processor, and data Stor 
age comprising instructions executable by the processor for 
carrying out those mobile-station functions. The user inter 
face may include buttons, a touch-screen, a microphone, and/ 
or any other elements for receiving inputs, as well as a 
speaker, one or more displays, and/or any other elements for 
communicating outputs. 
The wireless-communication interface may include an 

antenna and a chipset Suitable for communicating with one or 
more macro base stations and/or one or more LCIBs over 
suitable air interfaces. For example, the chipset could be 
suitable for CDMA communication. The chipset or wireless 
communication interface in general may also be able to com 
municate with other types of networks and devices. Such as 
EV-DO networks, Wi-Fi networks, Bluetooth devices, and/or 
one or more additional types of networks and devices. The 
processor and data storage may be any suitable components 
known to those of skill in the art. As examples, mobile station 
102 could be or include a cell phone, a PDA, a computer, a 
laptop computer, a hybrid CDMA/EV-DO device, and/or a 
multi-mode cellular/Wi-Fi device. 
Macro BTS 104 may be any network element arranged to 

carry out the macro-BTS functions described herein. As such, 
macro BTS 104 may include a communication interface, a 
processor, and data storage comprising instructions execut 
able by the processor to carry out those macro-BTS functions. 
The communication interface may include one or more anten 
nas, chipsets, and/or other components for providing one or 
more CDMA coverage areas Such as cells and sectors, for 
communicating with mobile stations such as mobile station 
102 over an air interface. The communication interface may 
also include one or more wired (e.g. Ethernet) and/or wireless 
(e.g. WiFi) interfaces for communicating with at least BSC 
106. 
BSC 106 may be any network element arranged to carry 

out the BSC functions described herein. As such, BSC 106 
may include a communication interface, a processor, and data 
storage comprising instructions executable by the processor 
to carry out those BSC functions. The communication inter 
face may include one or more wired and/or wireless interfaces 
for communicating with at least macro BTS 104, MSC 108, 
and PDSN 112. In general, BSC 106 functions to control one 
or more macro BTSs such as macro BTS 104, and to provide 
those one or more macro BTSs with connections to devices 
Such as MSC 108 and PDSN 112. 
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Note that the combination of macro BTS 104 and BSC 106 

may be considered a macro base station. However, macro 
BTS 104 or BSC 106 could, taken alone, be considered a 
macro base station as well. Furthermore, a macro base station 
may be considered to be either or both of those devices, and 
perhaps make use of one or more functions provided by MSC 
108, PDSN 112, and/or any other entity, without departing 
from the invention. And it should be noted that the macro 
network and/or the LCIB(s) described herein may operate 
according to CDMA, EV-DO, iDEN, TDMA, AMPS, GSM, 
GPRS, UMTS, EDGE, WiMAX (e.g., IEEE 802.16), LTE, 
microwave, satellite, MMDS, Wi-Fi (e.g., IEEE 802.11), 
Bluetooth, infrared, and/or any other wireless technology or 
technologies now known or later developed. 
MSC 108 may be any networking element arranged to 

carry out the MSC functions described herein. Thus, MSC 
108 may include a communication interface, a processor, and 
data storage comprising instructions executable by the pro 
cessor to carry out those MSC functions. The communication 
interface may include one or more wired and/or wireless 
interfaces for communicating with at least BSC 106 and 
PSTN 124. In general, MSC 108 acts as a switch between 
PSTN 124 and one or more BSCs such as BSC 106, facilitat 
ing communication between mobile stations and PSTN 124, 
which may be the public switched telephone network. 

Service-provider network 110 may encompass all of the 
network elements depicted in FIG. 1 as being included in its 
dashed-cloud shape. In general, there may be more and/or 
different communication links among entities within service 
provider network 110, and there may be more and/or different 
connections between service-provider network 110 and out 
side entities. Furthermore, there may be a core packet net 
work (not depicted) making up part of service-provider net 
work 110, which may enable devices thereinto communicate 
with each other. There may also be one or more other packet 
data networks and/or elements, one or more circuit-switched 
networks and/or elements, one or more signaling networks 
and/or elements, and/or one or more of any other Suitable 
network(s) and/or element(s). And although EV-DO network 
126 is depicted outside service-provider network 110, EV 
DO network 126 may in some embodiments be considered 
part of service-provider network 110. 
PDSN 112 may be any networking element arranged to 

carry out the PDSN functions described herein. As such, 
PDSN 112 may include a communication interface, a proces 
Sor, and data storage comprising instructions executable by 
the processor for carrying out those PDSN functions. The 
communication interface may include one or more wired 
and/or wireless interfaces for communicating with at least 
BSC 106 and Internet 114. In general, PDSN 112 acts as a 
network access server between Internet 114 and BSCs such as 
BSC 106, facilitating packet-data communication between 
mobile stations and Internet 114, via macro base stations. 

Internet 114 may be the well-known global packet-data 
network generally referred to as the Internet. However, Inter 
net 114 may also be or include one or more other packet-data 
networks, without departing from the scope and spirit of the 
present invention. As such, Internet 114 may include one or 
more wide area networks, one or more local area networks, 
one or more public networks, one or more private networks, 
one or more wired networks, one or more wireless networks, 
and/or one or more networks of any other type. Devices in 
communication with Internet 114 may exchange data using a 
packet-switched protocol such as the Internet Protocol (IP), 
and may be identified by an address such as an IP address. 
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LCIB 116 may be any computing and communication 
device arranged to carry out the LCIB functions described 
herein. As such, LCIB 116 may include a communication 
interface, a processor, and data storage comprising instruc 
tions executable by the processor for carrying out those LCIB 
functions. The communication interface may include (i) a 
first wireless interface for providing service to mobile stations 
according to a protocol such as CDMA (and/or one or more 
other technologies), (ii) a second wireless interface for com 
municating with a second wireless network such as EV-DO 
network 126, and (iii) an Ethernet or WiFi interface for com 
municating over Internet 114 via a device Such as a router 
and/or cable modem. LCIB 116—also described in connec 
tion with FIG.2 may also have a GPS receiver and/or other 
location module. 
Media gateway (MG) 118 may be any networking element 

arranged to carry out the media-gateway functions described 
herein. As such, MG 118 may include a communication inter 
face, a processor, and data storage comprising instructions 
executable by the processor for carrying out those media 
gateway functions. The communication interface may 
include both a circuit-switched interface and a packet 
switched interface. MG 118 may (a) receive packet-based 
communications from SPN 110, convert those to circuit 
switched communications, and pass them to PSTN 124 and 
(b) receive circuit-switched communications from PSTN 
124, convert those to packet-based communications, and pass 
them to SPN 110. 
VPN terminator 120 may be any networking element 

arranged to carry out the VPN-terminator functions described 
herein. Thus, VPN terminator 120 may include a communi 
cation interface, a processor, and data storage comprising 
instructions executable by the processor for carrying out 
those VPN-terminator functions. The communication inter 
face may include one or more wired and/or wireless interfaces 
for communicating with at least LCIB controller 122 and 
Internet 114. In general, VPN terminator 120 functions to 
establish secure VPN connections over Internet 114 with 
LCIBs such as LCIB 116, enabling the LCIBs to securely 
communicate with devices on SPN 110, such as LCIB con 
troller 122, and perhaps beyond. 
LCIB controller 122 may be any networking element 

arranged to carry out the LCIB-controller functions described 
herein. Thus, LCIB controller 122 may include a communi 
cation interface, a processor, and data storage comprising 
instructions executable by the processor for carrying out 
those LCIB-controller functions. The communication inter 
face may include one or more wired and/or wireless interfaces 
for communicating with at least VPN terminator 120 and 
operational-data server 128, along with perhaps one or more 
other entities on service-provider network 110, and beyond. 
Among other functions, LCIB controller 122 communi 

cates via VPN terminator 120 with LCIBS Such as LCIB 116. 
LCIB controller 122 may receive requests from various 
LCIBS for configuration data, and those requests may 
include, among other values, indications of the LCIBs 
respective locations. LCIB controller 122 may also be oper 
able to select various operational parameters for LCIBS (e.g. 
carrier, PN offset, whether to broadcast a pilot-beacon, con 
tents of any pilot beacon to be broadcast, transmission-power 
level), and to transmit those parameters to LCIBs, perhaps 
along with other configuration data and messaging. 
EV-DO network 126 may include one or more EV-DO 

access nodes, along with one or more PDSNs or similar 
entities that interface between the access nodes and Internet 
114. EV-DO network 126 may provide an EV-DO air inter 
face in compliance with one or more industry standards Such 
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8 
as IS-856, Release 0 and IS-856, Revisiona. EV-DO network 
126 may provide EV-DO service to EV-DO access terminals, 
which may include mobile handsets, EV-DO modems for 
laptop computers, EV-DO modems internal to LCIBs, and/or 
any other types of EV-DO access terminals. Thus, each of 
these access terminals may be able to engage in packet-data 
communication over Internet 114 by establishing a session 
with EV-DO network 126. 

Operational-data server 128 may be any networking ele 
ment arranged to carry out the operational-data-server func 
tions described herein. Thus, operational-data server 128 may 
include a communication interface, a processor, and data 
storage comprising instructions executable by the processor 
for carrying out those operational-data-server functions. The 
communication interface may include one or more wired 
and/or wireless interfaces for communicating with at least 
Internet 114 and LCIB controller 122, along with perhaps one 
or more other entities on service-provider network 110, and 
beyond. In general, operational-data server 128 functions to 
receive operational data over EV-DO network 126 and Inter 
net 114 from one or more LCIBs, such as LCIB 116, and to 
organize and store that data, and perhaps produce reports, 
Summaries, etc. for network administrators and/or one or 
more other network entities. 

b. An Exemplary LCIB 

FIG. 2 depicts an exemplary diagram of LCIB 116, which 
includes an RF interface 202, a GPS receiver 204, an Ethernet 
interface 206, a processor 208, and data storage 210, all 
communicatively linked by a system bus 212. Note that LCIB 
116 could have additional and/or different components, and 
that this structure is provided by way of example. 
RF interface 202 generally functions to interface between 

one or more wireless networks that employ one or more 
wireless technologies (CDMA, EV-DO, GSM, WiMax, etc.) 
and the other components of LCIB 116. In particular, in this 
embodiment, RF interface 202 is depicted as including a 
CDMA interface 202A and an EV-DO interface 202B. Note 
that these protocols could be reversed, and either or both 
could be replaced with any suitable wireless protocol. 
CDMA interface 202A may include one or more antennas, 

one or more chipsets, one or more channel elements, and/or 
one or more other components Suitable for providing a 
CDMA wireless coverage area that LCIB 116 bridges to 
Ethernet interface 206 as a backhaul connection over Internet 
114 to service-provider network 110, perhaps involving a 
VPN connection over Internet 114 with VPN-terminator 120. 
EV-DO interface 202B may be or include one or more anten 
nas, one or more chipsets, and/or any other suitable compo 
nents for acting as an EV-DO access terminal capable of 
establishing a packet-data session with EV-DO network 126. 
GPS receiver 204 may be any known or hereafter devel 

oped GPS receiver, suitable for receiving and decoding GPS 
signals for location and timing purposes, perhaps among 
other purposes. In some embodiments, an LCIB may have a 
location module in addition to or instead of a GPS receiver. 

Ethernet interface 206 may provide a wired packet-data 
interface for communicating with a device such as a router or 
cable modem. Processor 208 may comprise multiple (e.g., 
parallel) processors, such as a general purpose microproces 
sor and/or a discrete digital signal processor. 
The data storage 210 may take various forms, in one or 

more parts, such as a non-volatile storage block and/or a 
removable storage medium, and may include (a) program 
instructions 214 executable by processor 208 for carrying out 
the LCIB functions described herein (such as using CDMA 
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interface 202A to provide service to mobile stations, bridging 
CDMA interface 202A and Ethernet interface 206; collecting 
operational data; and using EV-DO interface 202B to transmit 
the operational data to operational-data server 128 over EV 
DO network 126), (b) LCIB data 216, which may be any 
operational data or other type of data stored by LCIB 116, (c) 
communication protocols 218, facilitating and enabling com 
munication with one or more other devices, and (d) device 
management logic 220, perhaps for memory and file manage 
ment. 

3. Exemplary Operation 

a. A First Exemplary Method 

FIG. 3 depicts a flowchart of an exemplary method, in 
accordance with an exemplary embodiment. In particular, 
FIG.3 depicts a method 300, which begins at step 302, when 
LCIB 116 provides service to at least one mobile station on a 
first wireless network, wherein providing service on the first 
wireless network comprises (i) providing an air interface 
according to a first wireless technology, (ii) providing a back 
haul connection over a packet-data network to a service 
provider network, and (iii) bridging the air interface and the 
backhaul connection. 

At step 304, LCIB 116 collects operational data. At step 
306, LCIB 116 transmits the operational data to operational 
data server 128 over a second wireless network according to 
a second wireless technology, where the second wireless net 
work is different than the first wireless network, and the 
second wireless technology is different than the first wireless 
technology. 

These steps are further explained in the following subsec 
tions. And it should be noted that, although method 300 is 
described as being carried out by LCIB 116, this is not 
required. In some embodiments, method 300 may be carried 
out by LCIB 116 in cooperation with one or more other 
network entities, such as VPN terminator 120, LCIB control 
ler 122, and operational-data server 128. In general, method 
300 could be carried out by any one or any combination of 
network elements described herein, or any other element(s). 

i. Provide Service to Mobile Stations on First Wireless 
Network 

At step 302, LCIB 116 provides service to at least one 
mobile station on a first wireless network. In an exemplary 
embodiment, the first wireless network is a CDMA network 
provided by the operator of service-provider network 110. 
Thus, the CDMA network may include a macro network with 
elements such as BTS 104 and BSC 106, as well as including 
LCIB 116. LCIB 116 uses CDMA interface 202A to provide 
a CDMA air interface. LCIB then uses processor 208 and 
system bus 212, among other components, to bridge CDMA 
interface 202A with Ethernet interface 206, and thus provide 
mobile stations operating on LCIB 116's CDMA air interface 
to communicate over a backhaul connection that may involve 
a VPN connection over Internet 114 between LCIB 116 and 
VPN-terminator 120. 

ii. Collect Operational Data 
At step 304, LCIB 116 collects operational data, which 

may include one or more data values related to a number of 
dropped calls, a number of blocked calls, an amount of data 
throughput, an access-quality metric (e.g. signal strength), a 
Voice-quality metric (e.g. frame error rate), an auto-configu 
ration parameter, and/or any other Suitable operational mea 
Surement or record. The operational data may also include 
any sort of average, Summary, report, or other compilation or 
distillation of operational-data values. This data may be col 
lected periodically, automatically, in response to commands 
from an entity such as LCIB controller 122, in response to a 
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10 
user command, and/or in any other manner or in response to 
any other trigger, without departing from the scope and spirit 
of the present invention. 

iii. Transmit Operational Data to Server via Second Wire 
less Network 
At step 306, LCIB 116 transmits the operational data— 

collected in step 304 to operational-data server 128 over 
EV-DO network 126 using an EV-DO packet-data session 
that LCIB 116 establishes with EV-DO network 126 (such as 
with an access node therein). Note that EV-DO network 126 
may be operated by the same business entity that operates the 
CDMA network associated with service-provider network 
110, or may be operated by some third party. Operational-data 
server 128 may reside on service-provider network 110, such 
as on that network's core packet network, or on Some other 
network, perhaps accessible via Internet 114. Note as well 
that operational-data server 128 could be a collection of serv 
ers, a functional entity of another computing device, and/or 
any other Suitable implementation. 

Step 306 may involve transmitting operational data to 
operational-data server 128 on a periodic basis. Such as once 
every 24 hours. As such, a low-traffic time of day such as 2:00 
or 3:00 a.m. may be advantageously selected. However, the 
data may be Submitted more than or less than once per day, 
Such as every 12 hours, once a week, or according to any other 
period. Furthermore, LCIB 116 may determine whether it 
receives an acknowledgement of each operational-data trans 
mission from operational-data server 128. If such an 
acknowledgment is received within a Suitable timeout period, 
then LCIB 116 may simply be satisfied to wait until the next 
period passes to send the next round of operational data to 
operational-data server 128. If the acknowledgment is not 
received within the timeout period, however, then LCIB 116 
may retransmit the operational data one or more times until 
receiving an acknowledgement, perhaps up to some upper 
bound of attempts to be made. 

In some embodiments, LCIB 116 may, prior to transmit 
ting the operational data to operational-data server 128 via 
EV-DO network 126, estimate the load on EV-DO network 
126: if the load is low, LCIB 116 may go forward with the 
operational-data transmission; if not, then LCIB 116 may 
wait. In particular, LCIB 116 may estimate whether the load 
on EV-DO network 126 (perhaps on the given sector/carrier 
on which LCIB 116's EV-DO interface 202B is operating) is 
less than a threshold level of load. 
One way to do this is to check the RAB on the sector/ 

carrier. Recall that the RAB is a bit broadcast by EV-DO 
access terminals to indicate whether the reverse noise (a 
proxy for load) on a sector/carrier is above (RAB=1) or below 
(RAB-0) a given reverse-activity threshold. LCIB 116 may 
go ahead with the operational-data transmission if the RAB is 
clear (=O), and not go ahead if the RAB is set (=1). LCIB 116 
may also wait to make an operational-data transmission if 
EV-DO network 126 is unavailable at the time LCIB 116 
would otherwise transmit the operational data. 

Thus, LCIB 116 may be programmed to wait until EV-DO 
network 126 is available and experiencing a below-threshold 
load, prior to transmitting the data. In rare instances, EV-DO 
network 126 may be unavailable or heavily loaded for an 
extended period of time. Once LCIB 116 detects that such a 
threshold period of time has passed, LCIB 116 may use its 
backhaul connection via Ethernet interface 206 (and perhaps 
its user's cable-modem connection) to transmit operational 
data to operational-data server 128. LCIB 116 may still avoid 
using the VPN connection to VPN-terminator 120, and may 
instead address packets to, for example, a public IP interface 
of operational-data server 128. 

b. A Second Exemplary Method 

FIG. 4 is a flowchart of a second exemplary method, in 
accordance with an exemplary embodiment. In particular, 
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FIG. 4 depicts a method 400, which may be carried out by an 
LCIB, such as LCIB 116, or perhaps by an LCIB in coopera 
tion with one or more other entities, such as VPN terminator 
120, LCIB controller 122, and/or operational-data server 128. 
Method 400 is similar in some respects to method 300, and 
thus is not described in as great of detail. 
As shown in FIG. 4, method 400 begins at step 402, when 

LCIB 116 provides service to at least one mobile station on a 
wireless network. This involves (i) providing an air interface 
(e.g. a CDMA air interface), (ii) providing a backhaul con 
nection (e.g. by way of Ethernet interface 206) over a packet 
data network (e.g. Internet 114) to a service-provider network 
(e.g. service-provider network 110), and (iii) bridging the air 
interface and the backhaul connection. At step 404, LCIB 116 
collects operational data, which may include one or more of 
the examples of operational data listed herein, and/or any 
other Suitable examples of operational data. 

At step 406, LCIB 116 transmits the operational data to an 
operational-data server (e.g. operational-data server 128) 
over a wireless packet-data connection and not over the back 
haul connection. Note that the wireless packet-data connec 
tion could utilize (i) the same wireless network/technology 
(i.e. CDMA) on which LCIB 116 provides service or (ii) a 
wireless network/technology (i.e. EV-DO) other than that on 
which LCIB 116 provides service. 

CONCLUSION 

Various exemplary embodiments have been described 
above. Those skilled in the art will understand, however, that 
changes and modifications may be made to those examples 
without departing from the scope of the claims. 

The invention claimed is: 
1. A method carried out by a low-cost Internet base station 

(LCIB) that has a backhaul connection over a packet-data 
network to a service-provider network, the method compris 
1ng: 

the LCIB providing wireless service to at least one mobile 
station on a first wireless network, wherein providing 
wireless service on the first wireless network comprises 
(i) providing an air interface according to a first wireless 
technology and (ii) bridging the air interface and the 
backhaul connection; 

the LCIB collecting operational data pertaining to the wire 
less service that the LCIB provides to the at least one 
mobile station on the first wireless network according to 
the first wireless technology; and 

the LCIB transmitting the operational data to an opera 
tional-data server over a second wireless network 
according to a second wireless technology, wherein the 
second wireless network is different than the first wire 
less network, and wherein the second wireless technol 
ogy is different than the first wireless technology, 

wherein the LCIB transmits the operational data to the 
operational-data server in a manner that does not involve 
the LCIB transmitting the operational data to the opera 
tional-data server via the backhaul connection, 

wherein transmitting the operational data to the opera 
tional-data server comprises transmitting the opera 
tional data in response to estimating a load on the second 
wireless network to be less than a threshold level, and 

wherein estimating the load on the second wireless net 
work to be less than the threshold level comprises deter 
mining that a reverse activity bit (RAB) is cleared. 

2. The method of claim 1, wherein a nearby macro network 
also provides service on the first wireless network according 
to the first wireless technology. 
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3. The method of claim 2, wherein the nearby macro net 

work comprises a core packet network, and wherein the 
operational-data server resides on the core packet network. 

4. The method of claim 2, wherein the nearby macro net 
work comprises a core packet network, and wherein the 
operational-data server does not reside on the core packet 
network. 

5. The method of claim 1, wherein a nearby macro network 
provides service on the second wireless network according to 
the second wireless technology. 

6. The method of claim 1, wherein the first wireless tech 
nology is code division multiple access (CDMA). 

7. The method of claim 1, wherein the second wireless 
technology is Evolution Data Optimized (EV-DO). 

8. The method of claim 1, wherein the packet-data network 
comprises the Internet. 

9. The method of claim 1, wherein the operational data 
comprises at least one of a number of dropped calls, a number 
of blocked calls, an amount of data throughput, an access 
quality metric, a Voice-quality metric, an auto-configuration 
parameter, an average, a Summary, and a report. 

10. The method of claim 1, whereintransmitting the opera 
tional data to the operational-data server over the second 
wireless network according to the second wireless technol 
ogy comprises establishing a packet-data session with the 
second wireless network. 

11. The method of claim 1, wherein the LCIB transmitting 
the operational data to the operational-data server comprises 
the LCIB retransmitting the operational data to the opera 
tional-data server if the LCIB does not receive an acknowl 
edgement from the operational-data server within a timeout 
period. 

12. The method of claim 1, further comprising the LCIB 
transmitting operational data to the operational-data server 
via the backhaul connection in response to at least one of the 
following conditions prevailing for at least a threshold 
amount of time: (i) the load on the second wireless network 
exceeding the threshold level and (ii) the second wireless 
network being unavailable. 

13. A low-cost Internet base station (LCIB) comprising: 
a code division multiple access (CDMA) interface; 
an Evolution Data Optimized (EV-DO) interface; 
a backhaul connection over a packet-data network to a 

service provider network; 
a processor; and 
data storage comprising instructions executable by the pro 

CeSSOr to: 

use the CDMA interface to provide wireless service to at 
least one mobile station on a CDMA network, 
wherein providing wireless service on the CDMA 
network comprises bridging the CDMA interface and 
the backhaul connection; 

collect operational data pertaining to the wireless ser 
vice that the LCIB provides to the at least one mobile 
station on the CDMA network; and 

use the EV-DO interface to transmit the operational data 
to an operational-data server over an EV-DO network, 

wherein the LCIB transmits the operational data to the 
operational-data serverina manner that does not involve 
the LCIB transmitting the operational data to the opera 
tional-data server via the backhaul connection, 

wherein transmitting the operational data to the opera 
tional-data server comprises transmitting the opera 
tional data in response to estimating a load on the EV 
DO network to be less than a threshold level, and 

wherein estimating the load on the EV-DO network to be 
less than the threshold level comprises determining that 
a reverse activity bit (RAB) is cleared. 
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